BEST AVAILABLE COPY 
Mm 2—147610 



©Int. CI.' 

P 23 C 11/00 



®B*B»WIf (JP) ©Hffl«r*iijra^BB 

® ^BBHJf§*r^£^ ( u ) ^2-1 4761 0 

atSUSE^ frttM*^ @£BB ¥j£ 2 ip( 1990)12/3 14 B 



3 2 3 
3 0 9 



6478-3 K 
6478-3K 



©m m ¥1-53405 

@& 83 ¥1(1989)5/1116 



















®m 


















* 


ft 


ft 


m. m 






®% 






















a 


- ep 






®% 
















m 














®ta 




A 






KKfP^F-ftfflE^CDP'i 2 Tg 5 # 1 






a 


A 




IE E 


ni« 





1 



W M & 

1 #3fe<D « to 

y £ d <zw X © /3 9 K tft it x <7 - ^ <h 

i g©»Wo h /< - i , c © >< -f a » 

CD E 0 K fft I* tc X «7 - 7 t fc> b£ § iS Sfc <§ © > * 
ft * 0> Bt ffi 

f?H 2-147610 



'Jkmnm^pift, 2—147610 



5 24Sl^w(>©^, C©X9-72©ftSli^ 
= 30* ~ 45* £ * n X U 5 o 

# & » i* t «*. ? <t -r * a* « 

d< Jf2 fifc * tl & o 

C <D W U '& * 0> - "C > * tt * ifc <t 

L -C t x NOk ic I* PB <fe <0 > 

L f NOx I$iJl^i«lEt53i^-e§&< ttot 

/»! o 

t/i^o-C, _hi£©<fc?U: 
Ufc X 7 - 7 i )K 5 llO'Wo.; h - 

X ;i/ 1 : © ; X ;kd ffl K> tfc "* tz * v - 9 t S> 



-2- 



100 



j£ <s *e st ® © > -r >'< - t * ft" l „ ffi se C7 

.L IE © ^. fi «k ft l# * > ^ 
- 5 ft >W o -y — ^-©X*7-^©^tl«fc 

D/J\J < Lt*i©-!?, jt 4 y ,< - *h g T* li % 

-c „ y > - + *> & & * n & & m ti > -f > >< 

&faif * tmnkm.ee L-cte #> -c mm nox <»m 
t * m ic & * '< - ^ » © - * js w * > * 



- 3- 



101 



'Affirm 2— 1476 10 



on) *t®ei * 2 eh*5s 1 eg <d n - n # ft 

CD Bl I: $ ^ t I 1 li <k 9 , ^ fg {c ^ 
& ,< - & g li ^ 1 fiO'W o h^-^-lli, 

d *; hn'-tuii, r£ £» fiP '< -Y o v h *4 y 
^;HU & tt -» T & D * ^ © S 0 tc 'W a y h £ 

m x v - ^ 1 1 b M 19: « J £ ft tz h cd -e * s 0 * > 
>w a y b 1 1 cd m K> lc g£ g £ ft *i -f > *< - 1 2 
<£ s Sfl > y & 14 7 X JH 2a tti^tfcO, 

* CD /^ *) K ^ -f y£mx«7-512b IS & ft tz. 
t> CD T? <fc 5 o 

^ll©^9-7ftffi/3li, 14U L X 30* ~ 

45* l£ ift J£ L , itiUiO'Woy h$»X9- 

&16£ ffSfifc-*- £ c 



- 4- 



1C2 



;i(D<fc?Jc o v h/<-f 11© 

X ? - 9 lib ©ftfiC^*^^ 120X-7"- 
5 1 2b oft«riOUiatttfc^>r)« 

ic L f: O -C * S , dtUi, ^4I2H-^-ri-? 

•7 - 5 ft tt 20* — 30* CD IS ffl t? t* % 9? * fr * c *t ^ 
-r # # ic wl & -e & *>< * 3c 5£ £ * © K » t - 
30* ja±-et±3cS^«5^*«Hpt? 3 . *fcio'jy. 
T -e ii NOxJfc * « * "£ t£ « £ * - £ * & t> ® 
t? * * „ 

y ^ y ,< _ + ft ,j X' it & ifc X' £ « i^ftKU ^ -Z 
43 D> ^ -f > X )\s z> & & L 

-s- 103 



& m n m ¥ a 2—1 476 1 o 



^ L & x -f o 9 h >< - + K «fc £ <b S&ftfe L , 
mm-tZ* -t ^ y.<^ti:iotf 1 

ifc £ Jfc fife L . ;ft*'Wo ? h^-flci^t 

5 ^ ill * fr5 sfc * # & & ® ^ t* ^ © -?? N -y v v : s 
ffl B# K i> (S NOx * It -5 C <t rJ II -t ^ o 

#1 bJs -e nox cd © ft It £ n s >< - £ S *< ti $ 

6 <D - 0] £ 7j* *r ffi EU 5C2EI<*£1EI©II- 

n s& 2? 1=0 25 $9. 121 ■» ^3ia«*^^©^ffl*uiB^^ 



- 6- 



104 



It 

X -7 ~ 5 ft & <k NOx Jfc£:©M&*^L*:#teia, 

m 5 gn*i£*e> mm<o mm mm, m^m\t 

&5EJcDVI-Vll»;$toJ*}gl2K £ 7 El l± ft * © / < 

11* - t< j <a ~j h — I- Ha • ''Wo*; 1> 

^-<>***4-/X;t/ x lib • -/Wo* 

12- 12a • «^-<y««E^ 

y 12b • • >t >r y »7 - 5 . 13- • & 

^ a A * *r ie e|||) 

G* 1 € ) 



-7- 



105 



tkm^m^tiz 2—147610 



i 



m 2 m 



12^4 



12 



13 




/ I 



• lb !2b 



HI 4 



O 




I 

IO 



20 30 40 SO 



106 

M 2- 1476K 



I 3 H 



17 12 18 19 




$M 2- 



107 

147610 



1 4761 O 




108 

%W 2-147610 



1 

JP U 2-147610 

Filed on May 11, 1989 and laid-opened on December 14, 1990. 
Applicant: Mitsubishi Heavy Industries, Ltd. 
Designers: Shigemi MANNDAI, et al 
Title of the Device: Burner Device 

SPECIFICATION 

1 Title of the Device 
Burner Device 

2 What is Claimed is: 

A burner device comprising one pilot burner consisting of a nozzle and 
a swirler provided around the nozzle, and a plurality of main burners consisting 
of nozzles arranged in the circumference of the pilot burner and swirlers in the 
circumference of the burners, characterized in that the burner device is 
constituted so that an angle of the swirler of said pilot burner is made larger 
than that of the swirler of said main burners, and the angles of both the swilers 
are crossed each other 

3 Detailed Explanation of the Device 
Industrial Application Field 

The present device relates to an improvement on a burner device of a 
combustor in a boiler, gas turbine. 
Prior Art 

A conventional burner provided in a combustor of a boiler, etc. is 
provided with a swirler 2 supplying combustion air, around a fuel nozzle 1 , and 
an angle of the swirler 2 is made usually to be a = 30°-45°against an axis 3 in 
order to hold stably flame. 



2 

Problems to be Solved by the present Device 

Tracks of air flow in a conventional burner are shown in Fig. 7, and 
circulation flows are formed to the air flow tracks 4. 

In such a conventional burner, even as combustion flame, there is a 
5 limit for reduction of NOx, and it has been not satisfied the sever NOx 
regulation as in recent years. 

The present device, therefore, aims to promote further the NOx 
reduction which reached to a limit by the conventional burner as mentioned 
above. 

1 0 Means for Solving the Problem 

In order to solve the above problem, the present device constitutes the 
burner device so as to have one pilot burner consisting of a nozzle and a 
swirler provided around the nozzle, and a plurality of main burners consisting 
of nozzles arranged in the circumference of the pilot burner and swirlers in the 
15 circumference of the burners; and to make an angle of the swirler of the pilot 
burner to be larger than that of the swirler of the main burners, and to cross the 
angles of both swilers to each other. 
Operation 

According to the above-mentioned means, since the air swirler angle 
2 0 of the main burner is made smaller than that of the swirler of the pilot burner, it 
is impossible to form sufficiently the circulation flow by the main burner itself, 
and to stabilize the flame. Therefore, The fuel supplied form the main burner 
takes flight while being mixed with the air supplied from the air swirler of the 
main burner. 

2 5 And, the fuel and air of the main burner form pre-mixture, and the pre- 

mixture contacts and mixes with high temperature gas as a flash point from the 
pilot burner, thereby to start to burn, whereby it is possible to extremely reduce 
NOx occurrence. 
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Description of Embodiment 

Hereunder, an embodiment of a burner device according to the present 
device will be explained in detail, referring to Figs. 1 to 4. 

Fig. 1 is a sectional side view of a combustor provided with the burner 
5 device according to the present device, and Fig. 2 is a view viewed from arrow 
indications of a line ll-ll in Fig. 1 . 

As shown in those figures, the burner device according to the present 
device is composed of one pilot burner 11 and a plurality of main burners 12 
arranged so as to surround the circumference of the pilot burner. 
10 Namely, a reference number 13 denotes a combustion chamber, the 

pilot burner 11 is provided at the center of one end side of the combustion 
chamber. The pilot burner 11 has a central portion formed in a pilot fuel nozzle 
11a, and a pilot air swirler 11b is provided around the pilot fuel nozzle. Further, 
a central portion of each of the main burners 12 arranged around the pilot 
15 burner 11 is formed in a main fuel nozzle 12a, and a main air swirler 12b is 
arranged around the main fuel nozzle. 

And, as shown in Fig. 3, a swirler angle p of the pilot burner 11 is set 
30° ~ 45° against an axis 14, whereby pilot air swirler tracks 15 are formed, a 
circulation flow zone 16 necessary for flame stabilization is formed. 
2 0 On the other hand, a swirler angle y of the main burner 12 is set 20° or 

less against an axis 17, whereby main air swirler tracks 18 are formed, and 
circulation flow zone19 of the size which is insufficient for flame stabilization is 
formed. 

In this manner, in the present device, the angle (3 of the swirler 11b of 
25 the pilot burner 11 is made larger than the angle y of the swirler 12b of the 
main burner 12 (that is, (3>y) and the angles of both swirlers are made to cross 
each other, this is because from ratios of NOx to the swirler angles shown in 
Fig. 4, combustion is very sensitive to boundary condition in a range of 20° - 



30° of the swirler angle and becomes unstable, on the contrary, stable 
combustion can be maintained when it is 30° or more, and the NOx ratio can 
be reduced very small when it is 20° or less. 
Effect of the Devise 

5 According to the present device, the following effects can be obtained: 

The burner device is made so as not to stabilize flame only by the 
main burner, and the fuel supplied from the fuel nozzles of the main burner and 
the air supplied from the swirler therearound are mixed, and then contact with 
a flash point by the pilot burner and burn. That is, premixed flame is formed by 
10 the main burner, and burnt by the pilot burner, so that the premixed flame is 
completely burnt, whereby NOx emission is reduced. 

Further, the present device is not such a burner device that forms 
premixed gas by using a premixing nozzle, so that it does not cause problems 
inherent in premixing flame such as flashback, auto-ignition, etc. 
15 Further, the burner device according to the present device is able to 

perform low NOx even when liquid fuel or gaseous fuel is used as fuel and 
both are used. 

As mentioned above in detail, according to the present device, the 
burner device, which is able to reduce NOx by a simple construction, can be 
2 0 provided, and the practical effect is large. 



4 Brief Explanation of the Drawings 

Fig. 1 is a sectional side view showing an example of a combustor 
provided with the burner device according to the present device; 
2 5 Fig. 2 is a view viewed from arrow indications of a line ll-ll in Fig. 1; 

Fig. 3 is a sectional side view of the burner device shown for 
explanation of an operation of the present device; 

Fig. 4 is a characteristic diagram showing a relation between swirler 
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angles and NOx ratios; 

Fig. 5 is a sectional side view of a conventional burner device; 

Fig. 6 is a view viewed from arrow indications of a line VI-VI in Fig. 5; 

and 

5 Fig. 7 is an explanatory view for explanation of an operation of the 

conventional burner device. 

11.. pilot burner, 11a.. pilot main fuel nozzle, 11b.. pilot air swirler, 12.. 
main burner, 12a.. main fuel nozzle, 12b.. main air swierler, 13.. combustion 
10 chamber. 
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